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The cold-water streams of the northern states
provide unique recreational values to the American
people (wilderness or semi-wilderness atmosphere,
fast-water canoeing, trout fishing). But expanding
recreational needs must be balanced against the
growing demand of water for public and industrial
supplies, irrigation, and dilution of sewage and

for recreation and other demands, an analysis of
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INTRODUCTION

The flow of any uncontrolled river varies from
day to day and from year to year. This variation
may be measured in units of discharge (volume of
water discharge per unit of time) velocity (speed of
movement of water), and stage (elevation of water
surface). These units are related—a high discharge
results in high stages, usually, in high velocities.
Velocity also varies in different reaches of the river,
velocity generally being greater in reaches of steep
fall than in the flatter reaches; and greater in shal-
low riffles than in deep pools.

DISCHARGE

Continuous records of discharge have been ob-
tained since 1950 on the Rifle near Lupton and at
Selkirk, and on two major tributaries, Houghton
and Prior Creeks. Since 1951, records have been
obtained on the South Branch Shepards Creek, a
minor tributary south of Selkirk. Also, measure-

FLOW DURATION CURVES

Discharge characteristics of streams can be illus-
trated graphically by flow-duration curves that
show the percentage of time that specified discharge
rates were equaled or exceded. Flow-duration
curves for 5 stations on the Rifle River and tribu-
taries are shown below. These curves are based on
discharge records for water years 1951 through
1967. In general the steeper the slope of the curve,
the more variable the flow. The Rifle River and
Houghton Creek near Lupton and Rifle River at
Selkirk have relatively uniform flows; whereas
Prior Creek near Selkirk and the South Branch
Shepards Creek have relatively variable flows. The
variability may be expressed as the ratio of the 90
percént to the 10 percent duration discharge. The
ratios range from only 0.025 on South Branch Shep-
ards Creek to 0.56 on Houghton Creek near Lupton.

The shape of the flow-duration curves for the
Rifle River and Houghton Creek illustrates the rapid
overland runoff and sustained base flow, as has
been noted in the section on “Geologic Setting.”
The steeper part of the curve (durations less than
about 20 percent) results from rapid overland runoff
following periods of rainfall or snowmelt. The flat-

VELOCITY

Velocity of flow of the Rifle River and tributaries
varies from place to place, obviously faster in the
shallow riffles than in the deep pools. Velocity nor-
mally is faster near the surface in mid-channel than
near the bed and banks of the stream. Velocity also
varies with discharge at any given cross section.
Normally an increase in discharge is accompanied

INTRODUCTION

The quality of water in a river is one of the essen-
tial factors in determining its recreational values.
Quality of water is expressed in terms of dissolved
and suspended substances and physical properties of
the water. Dissolved substances are solids and
gasses in the water; suspended materials include all
undissolved materials, chiefly clay, silt, sand, and
organic materials moved in the stream. Dissolved
materials especially important to recreational values
are dissolved oxygen, nitrates, and phosphates.
Physical properties important to recreational values

are temperature, pH, and specific conductance.

The following sections discuss each of these pa-
rameters of water quality. A summary table de-
scribes their relation to recreational use.

TEMPERATURE

Temperature of water is a critical requirement for
trout habitat. Temperature records at four stations
on the Rifle and tributaries are summarized graph-
ically below.
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NUTRIENTS (NITRATES AND PHOSPHATES)

Nutrients, chiefly nitrates and phosphates, influ-
ence the amount and variety of plant and animal life
in the stream. By stimulating growth of water
plants nutrients also strongly influence the dis-
solved oxygen in the water. Nutrient values nor-
mally are low in summer because they are used up
by submerged plants. Heavy spring rains, with re-
sultant surface runoff, may wash in nutrients from
fertilizers applied to agricultural lands.

A number of samples collected on the Rifle and
tributaries in July, 1968 showed nitrates ranging
from 0.5 to 1.0 mg/l (see table of analyses). These
rather high values for this time of year possibly

resulted from inwash of agricultural fertilizers. Or-
ganic wastes from farms, homes, and campgrounds

evoe Lake ments have been made at 33 sites to determine

the hydrologic factors related to recreation is essen- ter part of the curve (durations greater than 20 per- R Sk e e

other wastes. In order to make intelligent decisions
regarding use and management of water resources
tial. P

Rifle River differences in base flow in various segments of the
Recreation Area

Rifle and tributaries.

cent) illustrates the relatively uniform rate of con-
tribution of ground-water discharge.

Maximum and minimum velocities in cross-section
at several sites on the Rifle and tributaries as meas-

WATER TEMPERATURE, IN DEGREES CELSIUS

WATER TEMPERATURE, IN DEGREES CELSIUS

also may have contributed to the nitrate content.

The Rifle River in Ogemaw County is a first-class A graphic summary of streamflow at the five re- ured on August 28 and 29, 1968, are listed below.
trout stream and a popular canoe trail. The Rifle cording stations is shown below. The graphs show 500 These sites were selected for base-flow discharge B
w:@. M.mowom.:o_: %3? located .mwoza% miles mmﬂn of @ mean monthly discharge in cubic feet per second 5 uSW measurements, and no attempt was made to meas- The pH of water is an indicator of its acidity or
ose :Sa:_om omsg% M:m_mn and o:m.> mo mnm (cfs) and in cubic feet per mm.nonm per square mile Nm ure the fastest reaches in the stream. However, it alkalinity. Waters with a pH of 7.0 are said to be
owaummgz._. ocw M m _ow. wme..om_uo:: rea an Caimpboils (cfsm). Discharges mwiﬁmmmm in terms of cubic feet £ 2 - appears unlikely that velocities greater than 3 to 4 neutral. A pH lower than 7.0 indicates acid water;
about 2 miles :..5 of Selkirk is anot er camp- Comnos per second per square m:_m can be used to compare or S feet per second will be found in the area of study a pH higher than 7.0 indicates alkaline water. The
ground with rustic accomodations on both sides of the flow of streams having different drainage areas, mﬂ z3 during normal summer flows. water in the Rifle River and tributaries is moder-
the river. The main branch of the Rifle River be- or to compare different segments of the same B A == J ately alkaline, with pH values in the study area
. g gu . W > W > Y » P i
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streamflow, water quality and recreational use. 6o 4 8 MILES 2 e . RIFLE RIVER AT “THE RANCH" NEAR LUPTON 2t : & OTHER DISSOLVED SOLIDS
mu = mu 8, o m The chemical analyses tabulated below are typical
LOCATION MAP 2% »x 20008 g 2 £ of relatively unpolluted streams of this area. The
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TEMPERATURE
The temperatures are controlled chiefly by climate To supplement the temperature records obtained
and by the amount of ground-water inflow and the at the gaging stations, records of maximum and
DISCHARGE exposure of the water surface to sunlight. Hough- minimum temperatures were obtained at several
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flow of the Rifle is substantially larger than the area GRAPHS OF MONTHLY MEAN DISCHARGES FOR TRIBUTARIES
contributing to surface runoff. ——:-—— Basin Boundary

6 Sampling site for
chemical analysis
MAP SHOWING MAXIMUM WATER TEMPERATURES,
JULY 25 THROUGH JULY 27, 1951
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SUMMARY
= The following table summarizes the quality of
= water characteristics of the Rifle River and shows
R.3E R.4E z3 how these characteristics are related to recreational
J o uses.
BASE FLOW gE DISSOLVED OXYGEN
< . . o .
Miscellaneous base-flow measurements at other mm Dissolved oxygen is another critical requirement Recreational Relation of quality of water Quality of water
sites show even greater differences in discharge per ag of the trout fishery, and is also a general indication use to recreational use in Rifle River
unit area. As indicated above, the probable explana- g of the concentration of organic wastes in the water. T m—
tion for the very large base-flow discharge per unit = Water saturated with dissolved oxygen contains - . S . :
drainage area at some sites is that the area contrib- about 14 mg/l (milligrams per liter) at temperature Criteria for intrastate waters, as mmSE_m:mm. .-..ws. Sme.ES Svawmﬁ.ﬁmm at n..omﬁ
T.25N. uting ground-water discharge is much larger than just above freezing. As the water is warmed its uary, 1968, by the Water Resources Commission mﬁm_uo:m on e._._m Rifle and _,\!cw-
the area contributing surface runqff. capacity to hold dissolved oxygen decreases, and at g_o@_mmu Department of ZmEE_. wmmoc.gwm Gm@mv taries conmmm_oam._q excede T0°F
The map below shows gains and losses (in cubie . _ [ e M | a temperature of 21.1°C (70°F) the saturation capac- mﬁwo—m% ﬂ@om. (21.1°C) as ﬁﬂm.awuﬂaca limit for in- (21.1°C). Hﬁ.mbﬂaﬂs tempera-
feet per second per square mile) in various reaches ; . : e 4 SUMMARY ity is only 9 mg/l. In summer, the effects of dis- tolerant fish (cold-water species). tures on Prior Creek excede
of the Rifle River and its tributaries. RECURRENCE INTERVAL. IN YEARS The following table summarizes the streamflow solved oxygen released by submerged plants may 70°F (21.1°C) on many warm
HOUGHTON CREEK NEAR LUPTON characteristics of the Rifle River and shows how mask the effect of temperature. summer days each year.
R.2E. R. 3 E. these characteristics are related to recreational Dissolved oxygen was measured periodically for
uses. 24 hours in July, 1968, at the campsite on the Rifle
sS40, about 2 miles north of Selkirk. Dissolved oxygen Dissolved oxygen
y, 5 wm_mmo: ommwﬂmmw_a_m_cs emmm_w am 2 _Bm:\h mw.mmaon :n.__mm mma:nwawon Hmaez:mm BowM = The Water Resources Commission (1968) specifies | Dissolved oxygen on the Rifle and
ﬂ / s Recreational F umowmm a Characteristics of %mmm nﬂunmwhmswmawmzw% Nm rﬂov ngmw.nma Mmmmhﬂmw d hm a minimum of 6 mg/l. tributaries probably does _not
T.24N. - l\ use P d by the Michi Rifle River = ed from 8.6 Smﬁ.m me/l. This i - i At water temperatures above 20°C (68°F), Tarz- fall below 6 mg/l at any time.
\ ] / I (Prepared by the Michigan oxXygen rang T -9 Me/. ol s = well (1957) indicated full air saturation is required At night may drop 2 mg/l be-
e ~ Department of Natural Resources) mal range for an unpolluted cold-water stream with & for the full range of activity for brook trout Tomciinating
: ks 2 : 3 ;
o M / 2 High drought flow helps keep summer | Drought flow in Rifle and most tributaries a moderate density of bottom vegetation. ) Hvd - F
8 - ) ; ydrogen ion concentration (pH)
\ﬂ 0 S water temperatures low. Excessive is high. Prior Creek and South Branch W C = ifies limit H of the Rifle Ri g Wik
S o £ floodflow removes cover and may cause Shepards Creek have low drought flows. ater Resources Commision (1968) specifies limits | pH of the Ri o: e m; il
3 ear =i & erosion of banks. Flood flows cause some bank erosion of 6.5 and 8.8. nﬂzawm mﬂwmm. wu y ge ihom
/ ﬂ m where not protected by vegetation or B 20
= 3 “¥1389.50 = rip-rap. @ Nutrients (chiefly nitrates and phosphates)
/ ( W)J =g » o 5 £ | i : s 1 S———
{ N v % | Or, 138670 3 g A variety of fast and slow reaches adds | Velocity varies in different reaches. Gen- S & Water Resources Commission (1968) requires nu- | Rifle River and tributaries are
L QII l.w\. ) O Jegee M 2 interest to fishermen. Excessively high erally not too fast for safe wading in the g 2 trients to be :B_Sm to the extent necessary to pre- generally free from ::amm_?
" e velocities make wading dangerous. study area except at high water stages. v = vent stimulation of growths of algae, weeds, and able weeds, algae, and slime.
o = z . slime, which are or may become injurious to the Chemical analyses indicate rel-
m = Abrupt and large increases in stage are a | Increase in stage at flood times, such as & = designated use. Because these nutrients are rather atively high nitrate content
z hazard to wading fishermen. on May 20, 1959, makes much of the = m quickly taken up by plants, exact limits of desirable during season of spring runoff.
main stem and tributaries unwadable. = = concentrations are difficult to determine.
Increases in stage genérally are not S z . :

T.23N. abrupt, but increases as great as 2 to 4 .M._ ] Floating, settleable, m.nm. suspended mor.mm . . . .
feet in 24 hours have been recorded on = 2 Water Resources Commission (1968) specifies no | Rifle River and most tributaries
the Rifle at Selkirk. 5 g ov._mmaonww_m. Jﬂzwﬁﬁu_ .Mﬂnwaﬂ.ﬁ, Momow. or amwﬁ_ﬁ;em. uu%mww nm gd?mm Mm mowszm

: : : . = = s i : sufficient to interfere with designated use; no floa solids and residues of unnatura
Boating season reduced by periods of | Flood season usually over before vacation W g enocﬁ_m:_ummvoﬂm_z.m. e stk on emidwetc. i raadkios of wERED] siicia. Hsnilton Ciedl e
flood and drought. season, but occasional floods occur dur- g ntvE_m.. and cabn origin., sionally shows evidence of float-
RECURRENCE INTERVAL. IN YEARS % ing late mvﬁmﬂm. H;.Oﬂ« late wﬁgmbmn. a ving ing solids from sewage wastes.
PRIOR CREEK NEAR SELKIRK 5 drought flows may discourage boating. Turbidity is moderately high
2 A variety of fast and slow reaches adds | Alternating riffles and pools make boating during mm.z:m runoff and after
44¢20" / interest to boaters. interesting for novice. No rapids above heavy rains.
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